The compositional change of the surface and near surface layer of TiC coating has been studied under 1 keV hydrogen ion bombardment at various target temperatures.
The compositional change of the surface and near surface layer of TiC coating has been studied under 1 keV hydrogen ion bombardment at various target temperatures.
Depth profiles near the surface were observed by Auger electron spectrometer combined with Ar ion etching.
The carbon composition decreases by a factor of 1.3 at the TiC surface bombarded at room temperature, indicating preferential sputtering.
The carbon composition increases exponentially to the bulk value with increasing depth from the surface.
The thickness of the altered layer is about 5 nm, which is almost a half of the projected range.
No carbon depletion, however, was observed at the target temperature of 700dc. The diffusion coefficient of carbon atoms in the altered layer, calculated from the steady-state depth profile at room temperature, is about 8x10-18cm2/s which indicates enhanced diffusion in this layer. 
I. INTRODUCTION
The performance of present large tokamaks closely depends on plasma surface interaction.
In order to reduce radiation loss from the plasma, low to medium atomic number (Z) materials have been considered for use as limiters and walls.
Compound materials, such as Tie and SiC, are promising candidates for the limiter and the wall because of their refractory nature(1)(2) and low chemical sputteringm.
Coatings of these materials are usually used because of the difficulty in making full size units using these materials. The Tie coating has been successfully used as the limiters in ISX-B(4) and in Doublet III (5) . An all TiC coated limiter experiment has been carried out in JIPP T-II (6) , and the mean effective ionic charge obtained in the experiment is about 1.
Energetic hydrogen ions and neutrals escaping from the confined plasma cause physical and chemical sputtering of the limiter and the first wall, leading to compositional change of the surface.
It has been found that the carbon atoms of TiC and TaC are depleted from the surface by hydrogen ion bombardment because of preferential sputtering(7). It has also been shown that the extent of carbon atom depletion at the surface is larger with lower target temperature and lower bombardment energy for the case of TiC (8) .
The compositional changes of the surface and near surface layers during ion bombardment have been studied in Cu-Ni alloys (9) . The long range depletion of copper on the order of 100 nm in thickness has been observed. It has also been shown that the ion bombardment leads to enhanced diffusion of copper in the altered layer. The compositional change under ion bombardment has been formulated for a general case of binary alloy, including sputtering and enhanced diffusion (10 The TiC coating sample, mounted on the tantalum strip heater, can be heated up to 1,000dc.
The target temperature is etching is about 5x10-7 Pa in the analysis chamber. The sample was left in vacuum for 1 h before argon ion etching to evacuate the ion source chamber below 3x10-6 Pa which is about 1/1,000 of the operating pressure.
The target temperature during argon ion etching was measured to be room temperature. The argon ion etching speed of TiC at room temperature is calibrated by thin TiC coating.
Coating thickness, measured by an electron microscope, is 330 nm. The sputter etching time of TiC coating layer is 14 h. Therefore, the argon etching speed of TiC is 0.39 nm/min at room temperature.
III . RESULTS
Figure 2(a) shows a depth profile of the TiC coating bombarded by 1 keV hydrogen ions at room temperature.
The hydrogen ion fluence employed in this experiments is 5x10(18) ions/cm2. It has been shown that surface composition at the TiC surface is saturated in this fluence (8) . It is thus considered that the depth distribution observed after irradiation of 5x1018 ions/cm2 is also saturated. The equilibrium carbon concentration at the outermost layer of TiC is less than the bulk value probably because of preferential sputtering of carbon atoms from the surface.
The carbon composition near surface layers in TiC increases exponentially to the bulk value with increasing depth from the surface, whereas the titanium composition decreases.
The thickness of the altered layer, estimated from this compositional change, is 5 nm.
The projected range of 1 keV hydrogen ions in TiC estimated from the LSS theory(13) is around 9 nm which is somewhat larger than the altered thickness.
Surface oxygen contamination, which is probably because of adsorption of residual gases, was observed to be less than 2 %. Moreover, oxygen contamination of the surface layer was within a thickness of about 1.5 nm.
The compositional change observed in this experiment is, therefore, considered to be independent from oxygen contamination on the surface. Figure 2 (b) shows the depth profile obtained after 1 keV hydrogen ion irradiation at 700dc with the same ion fluence as that at room temperature. The result is obtained at room temperature after quenching the sample.
The initial quenching rate at 700dc is 6.5 dc/s, which is almost the same as Swalzfager' (14) .
Since the volume diffusion coefficient of carbon in TiC at 700dc extrapolated by assuming the Arrenius expression is quite Figure 3 shows depth profiles obtained at the following various target temperatures ; room temperature, 100, 300, 500 and 700dc. The ratio of carbon to titanium (C/Ti ratio) at the outermost TiC surface is 0.68 for room temperature.
The C/Ti ratio for the outermost surface increases gradually as the temperature rises.
The C/Ti ratio at 700dc is 1.14, which is slightly higher than the bulk ratio (1.1).
The altered layer thickness is less than 5 nm for all the target temperature.
The C/Ti ratio increases exponentially to the bulk value with increasing depth from the surface for temperatures between room temperature and 500dc. In these studies, preferential sputtering and enhanced diffusion are considered as the mechanisms for compositional change of the surface.
Recently, surface segregation has come to be recognized as an important mechanism (14) .
The C/Ti ratio for the outermost TiC surface after hydrogen ion irradiation at room temperature is less than the bulk value as shown in Fig. 3 , indicating preferential sputtering of carbon atoms (17) . The C/Ti ratio increases gradually as the target temperature rises, and depletion of carbon atoms in the altered layer decreases.
Since chemical sputtering yield is decreased with temperature up to at 700dc(8), the saturated surface C/Ti ratio increases with higher target temperatures.
Furthermore, surface segregation and diffusion of carbon atoms appear to play some role in increase of the C/Ti ratio with high temperature.
No surface segregation for TiC was observed at room temperature irradiation, as shown in Fig. 2(a) , which is similar to the result obtained by Varga (7) .
The segregation is usually observed at higher temperature, but the surface carbon atom enrichment at 700dc in this experiment is very small, as shown in Fig. 2(b) . Furthermore, no surface segregation of carbon atoms has been observed under-heat treatment of 1,000dc for TiC (12) . It has also been observed that segregation of carbon 'atoms,is low with argon ion bombardment in 500 to 1,000dc (12) . It can therefore be considered-that surface segregation plays minor role in the case of TiC during hydrogen ion bombardment. A model for compositional change in the altered layer, has been proposed by Ho(10) and Eltoukey (18) . In the steady-state, the distribution of carbon atoms B as a function of depth x is given by (1) where C is the bulk concentration, v the sputtering recession velocity during ion bombardment and D the diffusion coefficient. Figure 4 shows normalized logarithmic plots of the carbon composition at room temperature in Fig. 2(a) , after subtracting the bulk value. The slope of the line fitted to the data is n/D in Eq. (1).
The value of v was estimated by utilizing the sputtering yield of TiC for 1 keV hydrogen ions obtained by Bohdansky(19) . The diffusion coefficient at room temperature was obtained to be about 8x 10-18 cm2/s at 1 keV. Furthermore, no appreciable difference was observed at 500 eV. The diffusion coefficient is, therefore, considered to be independent on ion energy, as is suggested by Elthoukey (18) and Morita(20) . The diffusion coefficients at temperatures ranging 100~700dc could not be estimated, because the composition change from the bulk value is small in the altered layer. Typical diffusion time t of the carbon atoms in the altered layer is (2) where 1 is e-folding length of carbon concentration after substracting the bulk value. Fig. 4 .
V. CONCLUSION
Compositional change of TiC coating was studied under 1 keV hydrogen ion bombardment in various temperatures.
Depth profiles near the surface were observed by Auger electron spectrometer combined with argon ion etching.
The carbon composition at the surface bombarded at room temperature decreases by a factor of 1.3 at the fluence of 5x 1018 ions/cm2.
This means that the carbon atoms are preferentially sputtered in room temperature.
The altered layer thickness is about 5 nm which is almost a half of the projected range.
No carbon depletion, however, was observed at 700dc. The outermost surface C/Ti ratio increases and depletion of carbon atoms in the altered layer decreases as the target temperature rises. These phenomena are considered to be the results of composite effects of preferential sputtering, surface segregation and diffusion.
The diffusion coefficient in the altered layer was estimated by applying the model considering the sputtering recession speed of the surface.
The coefficient calculated from the normalized logarithmic plots of the carbon distribution at room temperature, is about 8x10-18 cm2/s. This value is much larger than the extrapolated volume diffusion coefficient, indicating enhanced diffusion in this layer. 
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